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A B S T R A C T

Objective: To investigate the concentration of CX3CL1 in serum of patients with chronic obstructive pulmonary
disease (COPD), and to evaluate the associations between the CX3CL1 level and systemic inflammation, small
airway obstruction, and COPD assessment test (CAT) scores in COPD patients.
Methods: Enzyme-linked immunosorbent assay were utilized to detect the CX3CL1 protein in serum separately
from 64 patients with COPD and 53 healthy controls.
Results: Compared with healthy non-smokers, healthy smokers and COPD non-smokers, serum CX3CL1 protein
levels were significantly elevated in COPD smokers (258.33 ± 56.27 pg/mL versus 177.32 ± 43.21 pg/mL,
185.64 ± 47.03 pg/mL, and 226.55 ± 51.79 pg/mL, P < 0.05). Correlation analysis indicated that serum
CX3CL1 in COPD smokers was negatively correlated with FEV1/FVC (justified r=−0.319, P < 0.001), FEV1/
Pre (justified r=−0.476, P < 0.001), FEV3/FVC (justified r=−0.354, P < 0.001), MMEF25-75/Pre (justi-
fied r=−0.428, P < 0.001), but positively correlated with CRP (justified r=0.331, P < 0.001) and MMP-12
(justified r=0.352, P < 0.001). However, our results showed no significant correlation between serum CX3CL1
of COPD smokers and the diffusing capacity of the lung for carbon monoxide (DLCO) (justified r=0.0397,
P=0.6025), but a positive correlation with COPD assessment test (CAT) scores (justified r=0.367,
P < 0.001). Finally, through multivariate linear analysis, statistical results demonstrated age (β=−0.2694,
P=0.005), FEV1/Pred (β=−0.2653, P=0.003), CRP (β=0.1427, P=0.0478) and MMP-12 (β=0.430,
P < 0.001) are independent parameters associated with CX3CL1.
Conclusion: The results demonstrated that elevated circulating CX3CL1 level is associated with the systemic
inflammation, small airway obstruction, and CAT scores in COPD patients, suggesting that CX3CL1 may play
crucial roles in the pathogenesis of COPD. Blocking CX3CL1 might prevent the progression of chronic obstructive
pulmonary disease.

1. Introduction

Chronic obstructive pulmonary disease (COPD) is a chronic lung
disease was characterised by persistent airflow limitation, and its
mortality rate rises rapidly, seriously jeopardizing public health.
According to statistics, it is expected that by 2020, COPD will rank third
in the ranking of disease death, ranking fifth in the global economic
burden of disease [1]. Currently, the pathogenesis of COPD includes
chronic inflammation, protease-antiprotease imbalance and oxidative
stress. Airway inflammation and protease-antiprotease imbalance are
deemed to be important pathogenesis of COPD [2]. Many studies have
indicated that small airway obstruction caused by small airway re-
modeling is also the cause of COPD [3,4]. Furthermore, more studies

have demonstrated that airway inflammation can lead to systemic in-
flammatory damage and organ damage through the circulatory system
[5,6]. However, it is not yet clear how they work in COPD and what
factors are involved.

CX3CL1, otherwise known as fractalkine, has two forms: the mem-
brane-attached form and the shed form. The membrane-attached
CX3CL1 form mediates firm adhesion of CX3CR1-expressing cells (the
only receptor for CX3CL1) to the endothelial cells, and the soluble
CX3CL1 form recruits CX3CR1-expressing cells in physiological and
pathological processes. CX3CL1 can participate in a variety of physio-
logical and pathological processes of inflammatory diseases, such as
primary Sjögren syndrome, atherosclerosis and cardiovascular diseases,
cerebral infarction, ischemia/reperfusion injury, rheumatoid arthritis
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[7–11]. One study pointed out that CS induces functional CX3CL1 ex-
pression in arterial endothelium and leukocytes from patients with
COPD show increased CX3CL1-dependent adhesiveness, suggesting that
targeting the CX3CL1/CX3CR1 axis might prevent COPD-associated
cardiovascular disorders [12]. Another study has shown that CX3CL1
level was significantly increased in lung tissue of COPD smokers com-
pared with COPD non-smokers, and CX3CL1 was the only chemokine
that was found to be up-regulated [13]. In addition, our previous study
illustrated that high serum CX3CL1 in COPD patients was relationship
with emphysema severity and frequent exacerbation [14]. However,
the above studies did not further investigate whether circulating
CX3CL1 levels in COPD patients are associated with systemic in-
flammation, small airway obstruction, and CAT scores.

Accordingly, we detected serum CX3CL1 levels in COPD patients
and healthy subjects, and analyzed whether this circulating biomarker
was associated with systemic inflammation, small airway obstruction,
and CAT scores in order to explore the potential role of CX3CL1 in the
pathophysiology of COPD.

2. Material &methods

2.1. Ethics statement

The study was approved by the Ethics Committee of the Yan'an
University Hospital, Yan'an University, People’s Republic of China. All
participants signed informed consent prior to the study.

2.2. Study participants

This was a cross-sectional study that recruited stable COPD patients
from January 2014 to May 2018 from the outpatient department of the
Yan'an University Affiliated Hospital. Simultaneously, healthy controls
with no active lung disease were recruited from the Health Checkup
Center of the Yan'an University Affiliated Hospital. We collected and
recorded data about demographic variables, body mass index, smoking
habit, biomass smoke, occupational toxic gas exposure, CAT scores,
disease severity (using the GOLD stage), spirometry index and treat-
ment for all participants. A total of 5ml of peripheral blood was drawn
from all subjects who met the inclusion criteria of our study. Then, the
CAT score questionnaire was performed, and finally the pulmonary
function test and chest CT examination were also performed.
Furthermore, pulmonary function test (PFT) results of all participants
were post bronchodilator one. Finally, a total of 64 stable outpatients
with COPD and 53 healthy subjects were enrolled in the present study.

COPD was diagnosed on the basis of the Global Initiative for
Chronic Obstructive Lung Disease (GOLD) criteria [1]. To be included
in the study, patients must show a ratio of forced expiratory volume in
one second to forced vital capacity (FEV1/FVC) of less than 70% after
inhalation of the β2-agonist (200mg salbutamol). COPD was staged in
accordance with the GOLD guidelines: GOLD 1 (mild): FEV1≥ 80%
predicted; GOLD 2 (moderate): FEV1 < 80% and≥50% predicted;
GOLD 3 (severe): FEV1 < 50% and≥30% predicted; and GOLD 4
(very severe): FEV1 < 30% predicted. Exclusion criteria were as fol-
lows. Chest CT scans and electrocardiograms were performed on all
participants to exclude cardiopulmonary diseases such as pneumonia,
pulmonary interstitial fibrosis, tuberculosis, lung cancer, bronch-
iectasis, coronary heart disease, myocardial ischemia, arrhythmia and
acute myocardial infarction. It also excludes comorbidities that may
affect CX3CL1 and CRP, such as diabetes, inflammatory bowel disease,
rheumatic diseases, autoimmune diseases, strokes, and acute infectious
diseases.

2.3. Measurement of CX3CL1, CRP, NE, and MMP-12

A total of 5ml of peripheral blood was drawn from all subjects on an
empty stomach in the morning. The serum was separated by

centrifugation at 3,000 revolutions per minute for 15min and stored at
−80 °C until later use. Serum levels of CX3CL1, C-reactive protein
(CRP), Neutrophil elastase (NE), and Matrix metalloproteinase-12
(MMP-12) were detected by enzyme-linked immunosorbent assay
(ELISA), and Beijing Zhongxi Yuanda Technology Co., Ltd. provided an
enzyme-linked immunosorbent assay. The above serum inflammatory
mediators were tested using a commercial ELISA assay kit according to
the manufacturer's instructions. The lower limits of detection for these
assays are as follows: CX3CL1, 2.37 pg/mL; CRP, 94 pg/mL; NE, 0.4 ng/
mL and MMP-12, 0.08 ng/mL. CX3CL1, CRP, NE, and MMP-12 levels
were detected for each sample in all participants.

2.4. COPD assessment test

The quality of life was evaluated using the COPD Assessment Test
(CAT) questionnaire [15] consisting of 6 subjective indicators (cough,
phlegm, chest tightness, sleep, energy, and confidence in leaving home)
and 2 indicators for endurance evaluation (breathlessness during ac-
tivities and activity limitations at home). Each question scored 0–5, so
the CAT questionnaire score ranged from 0–40. According to the total
CAT scores, the patients were included in the following stages: Stage
1:< 10; Stage 2: 10–20; Stage 3:> 20; Stage 4:> 30.

2.5. Statistical analysis

All data are processed using GraphPad Prism 5 (GraphPad Software,
Inc., San Diego, CA, USA) and SPSS 13.0 statistical software package
(SPSS Inc., Chicago, IL, USA). Data are expressed as mean ± SD.
Statistical analysis was performed using one-way ANOVA or chi-square
test for differences between groups. Pearson’s partial correlation test
adjusting for age, sex, BMI, and pack-years were used for the correlation
between inflammatory mediators and lung function and CAT scores.
Then, multivariable linear analysis was carried out to confirm which
parameters were independently associated with CX3CL1. A p value
of< 0.05 was considered significant.

3. Results

3.1. Demographics and baseline characteristics

In total 117 individuals were recruited: 29 healthy non-smokers
(HN) and 24 healthy smokers (HS); 31 COPD non-smokers (CN) and 33
COPD non-smokers (CS). The clinical characteristics of all participants
included the gender, age, pack-years, BMI, GOLD stage, CAT scores,
spirometry index, treatment and inflammatory biomarker of CX3CL1,
CRP, NE and MMP-12. No significant difference in gender, age, pack-
years, BMI was observed among these four groups. There were likewise
no significant differences in GOLD stage and CAT scores among the CN
and CS groups. Spirometry data showed that patients with COPD had
more severe airway obstruction and diffuse dysfunction than healthy
controls. Subject characteristics are given in Table 1.

3.2. Serum CX3CL1 expression levels in healthy participants and COPD
patients

We detected serum CX3CL1 levels in all participants. Compared
with healthy non-smokers, healthy smokers and COPD non-smokers,
serum CX3CL1 protein levels were markedly elevated in COPD smokers
(258.33 ± 56.27 pg/mL versus 177.32 ± 43.21 pg/mL, 185.64 ±
47.03 pg/mL, and 226.55 ± 51.79 pg/mL, P < 0.05, respectively,
Fig. 1A). There was not any statistically significant difference in serum
CX3CL1 levels between healthy non-smokers and healthy smokers
(P > 0.05, Fig. 1A). In addition, serum protein levels of CX3CL1 were
significantly elevated in patients with GOLD 3&4 COPD compared with
healthy participants, GOLD 1 and GOLD 2 COPD patients
((261.29 ± 47.63 pg/mL versus 184.71 ± 43.58 pg/mL,
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196.49 ± 42.14 pg/mL, and 215.14 ± 46.88 pg/mL, P < 0.05, re-
spectively, Fig. 1B). Finally, we compared serum CX3CL1 levels be-
tween GOLD 1 and GOLD 2 COPD patients, and the results showed no
statistically significant difference between two groups (P > 0.05,
Fig. 1B).

3.3. Relationship between CX3CL1 and pulmonary function, small airway
obstruction and systemic inflammation

Serum CX3CL1 levels of COPD patients (including COPD non-smo-
kers and COPD smokers) were negatively related to FEV1/Pred, FEV3/
FVC and MMEF25–75/Pre (justified r=−0.476, P < 0.001; justified
r=−0.354, P < 0.001; justified r=−0.428, P < 0.001,

respectively, Table 2). CRP is inversely correlated with FEV1/Pred
(justified r=−0.153, P=0.042). Moreover, MMP-12 levels were ne-
gatively related to FEV1/Pred, FEV3/FVC and MMEF25–75/Pre (justi-
fied r=−0.171, P=0.022; justified r=−0.164, P=0.039; justified
r=−0.159, P=0.041, respectively, Table 2).

Serum CX3CL1 levels in COPD non-smokers and smokers were all
negatively correlated with FEV1/FVC (justified r=−0.258, P=0.005;
justified r=−0.319, P < 0.001, respectively, Fig. 2). The circulating
CX3CL1 levels in COPD non-smokers were positively correlated with
CRP and MMP-12 (justified r=0.301, P=0.004; justified r=0.294,
P=0.007, respectively, Fig. 3). Similarly, serum CX3CL1 levels in
COPD smokers were significantly positively correlated with CRP and
MMP-12 (justified r=0.331, P < 0.001; justified r=0.352,

Table 1
Demographics and clinical baseline characteristics.

Parameter Healthy non-smokers Healthy smokers COPD nonsmokers COPD smokers

n 29 24 31 33
Gender, male/female* 8/21 23/1 9/22 32/1
Age, years 56.4 ± 12.7 58.1 ± 10.6 57.9 ± 13.5 60.1 ± 11.8
Pack-years — 24.6 ± 3.1 — 29.7 ± 18.5
BMI, kg/m2 23.8 ± 4.7 22.4 ± 3.1 23. 0 ± 2.8 21.6 ± 5.9
GOLD stage (1/2/3/4) — — 15/10/4/2 18/9/5/1
CAT scores — — 26.58 ± 6.99 27.47 ± 9.04

Spirometry
FVC, L 3.93 ± 0.51 2.87 ± 0.79 2.65 ± 0.67d 2.76 ± 0.48a,b,c

FEV1, L 2.97 ± 0.48 2.19 ± 0.72 1.96 ± 0.59d 1.75 ± 0.55a,b,c

FEV1/Pre, % 106.31 ± 13.54 103.75 ± 16.25 76.88 ± 17.17d,e 73.51 ± 19.27a,b,c

FEV1/FVC, % 75.41 ± 4.98 79.52 ± 5.79 54.57 ± 10.73d,e 55.26 ± 11.39a,b,c

FEV3/FVC, % 90.23 ± 4.07 92.89 ± 3.95 75.66 ± 10.22d,e 77.37 ± 9.88a,b,c

MMEF25-75, L/s 2.59 ± 0.98 2.26 ± 1.04 0.77 ± 0.47d,e 0.69 ± 0.51a,b,c

MMEF25-75/Pre, % 75.57 ± 20.11 68.29 ± 21.53 24.22 ± 12.19d,e 22.45 ± 13.07a,b,c

DLCO %predicted 88.14 ± 7.93 83.69 ± 9.65 57.34 ± 12.28d,e 45.23 ± 10.47a,b,c

Treatment
ICS, yes/no — — 7/24 14/19
LABA, yes/no — — 9/22 12/21
LAMA, yes/no — — 4/27 5/28

Inflammatory biomarker
CX3CL1, pg/mL 177.32 ± 43.21 185.64 ± 47.03 226.55 ± 51.79 258.33 ± 56.27a,b,c

CRP, μg/mL 0.99 ± 1.21 1.01 ± 1.31 2.54 ± 2.79 2.94 ± 3.11a,b

NE, ng/mL 297.01 ± 39.77 314.32 ± 41.25 319.48 ± 48.26d 325.34 ± 45.11a,b

MMP-12, ng/mL 143.45 ± 27.34 152.56 ± 37.29 157.43 ± 40.57 164.46 ± 39.00a,b

Data are expressed as mean ± SD.
COPD, chronic obstructive pulmonary disease; GOLD, the Global Initiative for Chronic Obstructive Lung Disease; CAT, COPD assessment test; FEV1, forced expiratory
volume in one second; FVC, forced vital capacity; MMEF, maximum midexpiratory flow; DLCO, the diffusing capacity of the lung for carbon monoxide; ICS, inhaled
corticosteroids; LABA, long-acting beta2-receptor agonists; LAMA, long-acting muscarinic receptor antagonists; Body Mass Index (BMI)=weight (kg)/height (m2);
CRP, C-reactive protein; NE, Neutrophil elastase; MMP-12, Matrix metalloproteinase-12.

a P < 0.001, compared with healthy non-smokers.
b P < 0.001, compared with healthy smokers.
c P < 0.05, compared with COPD current smokers.
d P < 0.01, compared with healthy non-smokers.
e P < 0.05, compared with healthy smokers.
* P < 0.001, the difference between healthy subjects and COPD patients.

Fig. 1. Circulating CX3CL1 concentration in
participants. The expression level of serum CX3CL1
in COPD smokers was significantly greater than that
in the other 3 groups (A). Similarly, GOLD3&4
COPD patients had higher levels of serum CX3CL1
compared with healthy subjects, GOLD1 and GOLD2
COPD patients (B). COPD, chronic obstructive pul-
monary disease; GOLD, Global Initiative for Chronic
Obstructive Lung Disease; HN, healthy non-smokers;
HS, healthy smokers; CN, COPD non-smokers; CS,
COPD smokers.
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P < 0.001, respectively, Fig. 3). However, there was no significant
correlation between serum CX3CL1 levels and DLCO in COPD non-
smokers and COPD smokers (justified r=0.0288, P=0.7934; justified
r=0.0397, P=0.6025, respectively, Fig. 4).

3.4. Multivariate analysis of serum CX3CL1 expression level

Through multivariate analysis, statistical results indicate age
(β=−0.2694, P=0.005), FEV1/Pred (β=−0.2653, P=0.003), CRP
(β=0.1427, P=0.0478) and MMP-12 (β=0.430, P < 0.001) are
independent parameters associated with CX3CL1, as shown in Table 3.

3.5. Correlation among circulating chemokine CX3CL1 and CAT scores in
COPD patients

Finally, our statistical results show a significant correlation between
serum CX3CL1 levels and CAT scores in COPD non-smokers and COPD
smokers (justified r=0.317, P=0.002; justified r=0.367,
P < 0.001, respectively, Fig. 5).

3.6. COPD stable vs. exacerbation

Twenty-five COPD patients experienced an exacerbation.
Comparison of their paired stable and exacerbation samples showed
significant elevation in serum biomarkers of CX3CL1, CRP and MMP-12
at exacerbation (P < 0.001). Moreover, the serum NE level in patients
with acute exacerbation of COPD was significantly higher than that in
stable COPD patients (P < 0.05). Levels of CX3CL1 increased to
405.88 ± 58.43 pg/mL; CRP to 17.65 ± 5.41 μg/mL; NE to
405.91 ± 44.67 ng/mL and MMP-12 to 255.68 ± 50.27) ng/mL.
Simultaneously, the lung function FEV1 % predicted of COPD patients

in exacerbation phase decreased significantly compared with that in
stable (P < 0.001) (Table 4).

4. Discussion

Chronic inflammation of COPD is a complex process involving
various cytokines, inflammatory mediators and immune cells such as
tumor necrosis factor-α (TNF-α), matrix metalloproteinase, macro-
phages, CD8 T lymphocytes and interleukin-8 (IL-8) [16]. CX3CL1 is
involved in the pathophysiological process of various diseases, but their
roles in COPD are not known. The current cross-sectional study was
designed to investigate the serum CX3CL1 level in COPD patients, and
to evaluate the relationship between the CX3CL1 level and systemic
inflammation, small airway obstruction, and CAT scores in COPD pa-
tients.

Our results suggest that patients with COPD, especially COPD
smokers, have a significant increase in serum CX3CL1 levels compared
with other participants and are inversely associated with FEV1/Pre and
FEV1/FVC. Previous study has found that gene profiling reveals an in-
crease in CX3CL1 expression in the lung tissues of smokers who de-
veloped COPD when compared to smokers without COPD, suggesting
upregulation of CX3CL1 expression has a role in tobacco smoke-induced
COPD [17]. Animal experiments have found that smoke stimulation can
significantly upregulated CX3CL1 expression in the pulmonary vascu-
lature and lungs of mice [18]. Another animal experiment also con-
firmed that CX3CL1 expression was up-regulated in COPD, leading to
the recruitment of CX3CR1+ cells to the lung parenchyma of mice ex-
posed to tobacco smoke for a long time [12]. Our findings are in
agreement with the results of these animal experiments and clinical
study. More importantly, our study found that serum CX3CL1 was in-
versely related to FEV1/Pre and FEV1/FVC. Furthermore, our current
study demonstrated that the CX3CL1 level of COPD patients in ex-
acerbation phase is significantly higher than that in stable phase. This is
consistent with our previous research results [14]. However, one study
indicated not any significant difference in airway levels of CX3CL1
between COPD patients and healthy controls [19]. The possible reason
for these inconsistencies is that COPD is a highly heterogeneous disease.
The symptoms, prognosis, treatment response and disease progression
of COPD patients are different with various clinical phenotypes.

The major sites of obstruction in COPD are small airways (< 2 mm
in diameter). A study has revealed that narrowing and disappearance of
small conducting airways before the onset of emphysematous destruc-
tion can explain the increased peripheral airway resistance reported in
COPD [20]. This finding suggests that small airway obstruction plays an
important part in the pathophysiology of COPD [20]. Our study found
that serum CX3CL1 levels are associated with small airway obstruction
parameters, including FEV3/FVC and MMEF25-75/Pre, as well as small
airway remodeling biomarkers such as neutrophil elastase (NE) and
matrix metalloproteinase-12 (MMP-12). MMPs degrade various protein
components in extracellular matrix (ECM), which play a pivotal role in
tissue damage, remodeling and repair associated with inflammation

Table 2
Association of the biomarkers with FEV1/Pred, FEV3/FVC and MMEF25-75/
Pred.

Biomarkers FEV1/Pred FEV3/FVC MMEF25-75/Pred

CX3CL1 (justified) r=−0.476**
P < 0.001

r=−0.354**
P < 0.001

r=−0.428**
P < 0.001

CRP (justified) r=−0.153*
P=0.042

r=−0.141
P=0.089

r=−0.133
P=0.139

NE (justified) r=−0.102
P=0.177

r=−0.074
P=0.325

r=−0.079
P=0.219

MMP-12 (justified) r=−0.171*
P=0.022

r=−0.164*
P=0.039

r=−0.159*
P=0.041

The value of r represents the Pearson’s partial correlation coefficient adjusted
for age, sex, BMI, and pack-years. FVC, forced vital capacity; FEV3/FVC, ratio of
forced expiratory volume in 3 s to FVC; MMEF25–75/Pre, MMEF25–75 percent
predicted; FEV1, forced expiratory volume in one second; FEV1/Pred, FEV1

percent predicted; CRP, C-reactive protein; NE, Neutrophil elastase; MMP-12,
Matrix metalloproteinase-12.
** Correlation is significant at the 0.01 level (two-tailed).
* Correlation is significant at the 0.05 level.

Fig. 2. Correlation between serum CX3CL1 levels
and FEV1/FVC in COPD patients. Serum CX3CL1
levels in COPD non-smokers (adjusted r=−0.258,
P=0.005, (A) and smokers (adjusted r=−0.319,
P < 0.001, (B) were all negatively correlated with
FEV1/FVC. FEV1, forced expiratory volume in one
second; FVC, forced vital capacity; FEV1/FVC, ratio
of forced expiratory volume in 1 s to FVC.
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[21]. Rekha Chaudhuri and colleagues [22] found that sputum MMP-12
concentrations and activities of COPD patients were directly related to
the degree of emphysema measured by CT. An animal experimental

study [23] showed that MMP-9/MMP-12 inhibitor was utilized to treat
smoke-induced guinea pigs and found to substantially improve mor-
phologic emphysema and small airway remodeling. It is therefore
suggested that MMP-9 and MMP-12 may be potential therapeutic in-
tervention targets. Our previous study [24,25] showed that the ex-
pression levels of MMP-12, NE and TIMP-4 in serum and peripheral
blood mononuclear cells (PBMC) of patients with COPD were elevated.
The mRNA expression level of NE can predict acute exacerbation, and
the level of MMP-12 mRNA expression can be used to reflect the se-
verity of airflow limitation (FEV1%predicted). One study reported that
TGF-β1 and neutrophil elastase were significantly associated with
bronchial wall thickness, suggesting that these markers are involved in
airway remodeling in patients with COPD [26]. Thence, our study
started raising a positive correlation between serum MMP-12 and
CX3CL1, suggesting that serum CX3CL1 may be involved in the pa-
thophysiological process of small airway remodeling of COPD. How-
ever, our results demonstrated no significant correlation between serum
CX3CL1 levels and DLCO in COPD non-smokers and COPD smokers.

Chronic inflammation of the airways, lung parenchyma and pul-
monary vessels was considered to be one of the most important pa-
thogenesis of COPD. However, inflammation of COPD is not limited to
the lungs, but also affects multiple organs throughout the body [27].

Fig. 3. Relationship between serum CX3CL1 and systemic inflammation and MMP-12. The circulating CX3CL1 levels in COPD non-smokers (A) and COPD
smokers (B) were very positively correlated with CRP and MMP-12. CRP, C-reactive protein; MMP-12, Matrix metalloproteinase-12.

Fig. 4. Association between serum CX3CL1 levels
and DLCO. There was not any significant correla-
tion between serum CX3CL1 levels and DLCO in
COPD non-smokers (adjusted r=0.0288,
P=0.7934, (A) and COPD smokers (adjusted
r=0.0397, P=0.6025, (B). DLCO, the diffusing
capacity of the lung for carbon monoxide.

Table 3
Multivariate regression model of risk factors for serum CX3CL1 expression le-
vels.

Parameter β SE Wald χ2 OR 95% CI P-value

Sex −0.0349 −0.725 0.338 1.454 0.968–1.023 0.7146
Age −0.2694 −0.176 9.776 1.723 1.296–2.435 0.005
BMI 0.0311 0.814 0.274 1.421 0.940–1.095 0.7537
Smoking 0.1426 0.372 0.885 0.735 0.087–1.943 0.1974
CAT scores 0.0375 0.677 0.440 1.586 0.966–1.020 0.6319
FEV1/Pred −0.2653 −0.157 11.635 1.488 1.314–2.246 0.003
CRP 0.1427 0.214 4.581 1.698 1.085–2.459 0.0478
NE 0.0711 0.575 0.612 1.443 0.814–1.086 0.4178
MMP-12 0.430 0.125 18.304 1.776 1.352–2.198 <0.001

The value of β represents the standard regression coefficient. SE, standard error;
OR, odds ratio; 95% CI, 95% confidence interval. A P value of less than 0.05
was statistically significant. BMI, body mass index; CAT, COPD assessment test;
FEV1/Pred, FEV1 percent predicted; CRP, C-reactive protein; NE, Neutrophil
elastase; MMP-12, Matrix metalloproteinase-12.
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This is a systemic inflammatory response. Our results showed that
serum levels of CX3CL1 and CRP were significantly elevated in COPD
patients compared with healthy controls, and there was a positive
correlation between serum CX3CL1 and serum CRP. Nowadays, CRP, a
systemic inflammatory biomarker, has been widely studied in various
diseases, especially inflammation-related diseases. Clinical studies have
found that CRP is not only associated with airflow obstruction in COPD
patients, but also related to the severity of COPD [28,29]. Numerous
studies have shown that CX3CL1 and CX3CR1 expression were up-
regulated in the cells/tissues of the lungs such as endothelial cells [30],
smooth muscle cells [31], monocytes/macrophages [32], fibroblasts
[33] and lymphocytes [34].

Health status evaluations of COPD patients are essential to the
management of these patients. Currently, previous studies have shown
that the COPD Assessment Test (CAT) not only shows a well correlation
with St. Georges Respiratory Questionnaire (SGRQ) [35,36], but can
also be used to assess health status during stable and exacerbated dis-
ease conditions [37,38], and to measure prognosis in patients with
COPD [39]. Our results indicated that circulating CX3CL1 levels are
positively correlated with CAT scores. Furthermore, through multi-
variate linear analysis, our results show that FEV1/FVC, CRP and MMP-
12 are independent parameters associated with CX3CL1. These findings
confirm the relationship between circulating CX3CL1 levels and lung
function decline, systemic inflammation, small airway obstruction, and
CAT scores in patients with COPD. Finally, our present study has shown
not any significant correlation between circulating CX3CL1 and DLCO.
We have not found any reports on the relationship between serum
CX3CL1 and DLCO by consulting the literature. One clinical study has
demonstrated that plasma soluble Receptor for Advanced Glycation End

Product (sRAGE), not endogenous sRAGE (esRAGE), was positively
correlated with lung function and DLCO [40]. However, another study
has indicated that there were not any significant associations between
inflammatory markers (TNF-α, IL6, IL8) in blood and in sputum and
FEV1 and DLCO [41]. The results of these clinical reports are not en-
tirely consistent. The main reason may be that COPD is a highly het-
erogeneous disease. It is widely accepted that clinical outcomes, such as
symptoms, exacerbation, prognosis, treatment response, disease pro-
gression or death are related to the clinical phenotype.

Our study also has some potential limitations. Firstly, the sample
size of this study in the subgroup was relatively small. Secondly, in-
cluded indicators for this study were relatively few. There was no in-
depth study of whether the levels of CX3CL1 protein were different in
sputum, bronchoalveolar lavage, serum, airway epithelial cells, and
lung tissue. Our further study will explore in which specimen the ex-
pression of chemokine CX3CL1 is higher and correlates well with em-
physema severity and exacerbation. Thirdly, compared with RV/TLC
and/or functional small airway disease (fSAD) in computed tomo-
graphy (CT), the two indicators of FEV3/FVC and MMEF25-75 for
pulmonary function tests are not good tool for assessing small airway
function. Lastly, This is a single-center study, and if the data on COPD
patients and healthy controls can be collected in multiple centers, the
results are more convincing.
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